ABSTRACT
INTRODUCTION

The Hubble Space Telescope (HST) is, by any measure, one of the most productive scientific facilities in history. Launched on-board the shuttle Discovery (STS-31)
and released into low-Earth orbit on April 26, 1990 , early science with the HST was marred by an improperly-figured primary mirror that produced 0.5 waves RMS of spherical aberration at the focal plane at a wavelength of λ = 0.50µm. In spite of this, the relative sensitivity and stability of HST as an observational platform enabled discoveries that were unavailable from ground-based observatories.
THE NATURE OF HST'S OPTICAL QUALITY
It has been known since early in the HST mission that the Observatory's focal length varies on both orbital and longer time scales. These changes have generally been attributed to the physical motion of the Secondary Mirror (SM) relative to the Primary Mirror (PM), most likely resulting from variations in the metering truss structure that supports the SM. Successive improvements in the complement of instruments aboard HST have generally
increased the sensitivity of image quality to focus, improving our ability to measure the focus and infer the SM position through the properties of the observed PSF. 4 While many HST observing programs are not critically dependent on the stability of the HST PSF, an increasing number are very sensitive to changes in the PSF structure, both over the field of view and as a function of time. The ability to accurately measure and characterize the shapes of faint, barely-resolved objects indicative of weak gravitational lensing, for example, depends on an intimate knowledge of the PSF and its variations. 5 Crowded field time-series photometry 6 and high-contrast imaging 7 have also proven to be fields of study in which understanding how the PSF varies with time over the observed field of view is critical to the scientific result. 16 and will not be discussed in detail here. 
The primary source of PSF variations over the respective fields-of-view of the HST science instruments is a combination of defocus, coma, and astigmatism. These classical aberrations are present in practically every optical system due to design constraints and fabrication errors, and HST is no exception. Each of the aforementioned aberration will reduce the flux within the core of the PSF and redistribute that into the "wings" or "halo" surrounding the core, degrading the encircled energy (EE) within a small aperture. How that light is redistributed depends upon the aberration.
Spherical Aberration
The original HST prescription called for an f/24 Ritchey-Chretian telescope with a 2.4 m Primary Mirror ground with a conic constant of κ = −1.0022985. However, investigations after HST was placed into low-Earth orbit suggested that the actual conicconstant of the HST PM was built to was closer to
diffraction pattern in NICMOS images is not symmetric, with elliptical diffraction rings and asymmetric distributions of light and dark bands present the diffraction spikes. Over time, these cold masks have shifted in position, further complicating NICMOS image analyses. In addition, a short temporal variation in the cold mask position ("wiggle") of order 0.5% of the beam diameter continue to be observed over orbital timescales.
Coma and astigmatism in the NICMOS cameras are generally small, with the wavefront error typically less than 0.05µm. The PSF does show a field dependence in all NICMOS cameras. Preliminary data indicate this effect is small, with only a ∼ 6% variation the PSF FWHM across the field.
Because the wavelength sensitivity of NICMOS is in the near-Infrared, its PSFs show increasingly less dependence on the optical aberrations and zonal mirror polishing errors 8 (though the NICMOS PSF is still fairly sensitive to these errors in the J-band). However, the NICMOS PSF does suffer from the temporal variations induced by the HST "breathing" (see Sec. 3) in addition to the cold mask variations described above. A comprehensive review of the NICMOS PSF has been presented in other documents,
EFFECTS OF OTA VARIATIONS ON THE OBSERVED PSF
Unlike ground-based observatories, the HST PSF is not affected by atmospheric turbulence, so smaller-amplitude wavefront variations caused by optical and mechanical instabilities create the most noticeable changes in the PSF. Primary among these are thermally-induced OTA focus changes that alter the distribution of light between the wings and core of the PSF. In the presence of other aberrations -most notably astigmatism -the
PSF FWHM and Ellipticity
HST was originally designed to use three rate-sensing gyroscopes to provide fine pointing control of the Observatory during science observations. In order to conserve the lifetime of these gyroscopes, the HST Project made the decision to turn off one of the functioning gyros and to upload a new attitude control system that functions with only two gyros in the fine pointing control loop. The Two-Gyro Science Mode was initiated on August 28, 2005.
As part of the Two-Gyro Science Mode Orbital Verification (TGSMOV), a series of observations with the ACS point spread function (PSF) shape and stability tests were conducted. These tests consisted of multiple exposures of three stellar clusters observed with the HRC in the F555W
Phase Retrieval
Many of the aberrations observed in the HST
SCIENCE IMPACT OF OBSERVED PSF VARIATIONS
We show how variations in these quantities over the timescales observed may impact the photometric and astrometric precision required of many current HST programs, as well as the characterization of barely-resolved objects.
Observed and Modeled PSF Ellipticities in WFC
It is well known that the morphology of the ACS PSF in both WFC and HRC exhibits appreciable field dependence. 13 
However, the understanding of how that PSF morphology varies over time and as a function of e.g. focus has not been well understood. Understanding the ACS PSF and the factors that affect it has become increasingly important as science observations in fields such as weak lensing and circumstellar environments continue to push the limits of what is observable.
The analysis of the PSF ellipticity in ACS/WFC provides direct evidence of both the field variations of the PSF and their dependence on time. The ellipticity of the PSF is of special interest because it is the property that most directly affects weak lensing measurements, which are among the ACS science observations that are most sensitive to systematic effects -the typical signature of cosmic shear translates into a 1 % distortion of the shape of faint galaxies, while the ellipticity of the PSF varies by several percent. Several methods have been developed to remove PSF effects from galaxy shape measurements; [18] [19] [20] [21] however, their success depends critically on an accurate and reliable characterization of the PSF itself at the time the images were taken.
5 Note also that the definition of PSF ellipticity is very sensitive to the details of the procedure used to measure it; even similar methods can yield significantly different measurements depending on the exact choice of parameters. 
High dynamic range imaging
Over the years, observers have dedicated a lot of time antd effort to using HST as a high-contrast imaging system, in part due to its relative stability compared with ground-based platforms. Though not specifically designed as a high-contrast imaging platform, the use of coronagraphs to suppress stellar diffraction patters and reference PSF subtraction have enabled contrast improvements of a factor of 1000 over direct imaging alone. Previous work by the authors and others 13, 16, 24 have elucidated the challenges faced by high-contrast imaging with HST, and we refer the reader to those references for more details. 
SUMMARY
